In a conceptual design phase of noise and vibration performance, CAE (Computer Aided Engineering) is frequently introduced to design appropriate properties of individual members. One of the most commonly used computational methods for conceptual design is the eigenvalue analysis of finite element (FE) models. However, since this method ignores formation process of natural vibration, structural engineers cannot adequately comprehend the mechanisms of eigenmode formation in a sense of the superposition of waves. This paper proposes a design method for nodal position control of a mode shape based on three-dimensional wave analysis. First, a ray trace method is introduced to comprehend the eigenmode formations by means of superposition of transmitted and reflected waves in a general three-dimensional beam structure. Summations of computed wave vectors coincide with modal vectors of the structure. The method was then used to discuss the formation of bending mode shape of a three-dimensional beam structure of block geometry. Finally, it is shown that nodal position of bending mode shape of interest can be controlled based on phase changes of bending propagative waves.
Tomita, Nakano, Sugiura and Matsumura, Transactions of the JSME (in Japanese), Vol.84, No.864 (2018) 
000 000 000 000
E e E e E e E e E e E e E e E e C E e E e E e E e E e E e E e E
(20) 
(1) ( 2)
( 2) () (1)
(1) ( 2 )
(1)
( 2 )
(1) (2,1) (2,1) 
() (1)
(1) ( 2) ( )
(1) ( 2) ( ) 
Tomita, Nakano, Sugiura and Matsumura, Transactions of the JSME (in Japanese), Vol. 
Tomita, Nakano, Sugiura and Matsumura, Transactions of the JSME (in Japanese), Vol.84, No.864 (2018) Resolving the structural eigenmode into wave amplitude vector based on ray tracing method
Step3
Estimation of contributory member properties using the reflected and transmitted waves at joint
Step4
Realizing desired nodal positions by changing contributory member properties Fig. 11 Amplitude of components of incident waves to generation of local z directional bending wave. This shows that the bending wave of the side and cross beam and the torsional wave of the side beam relate to the change in the propagating wave at the discontinuity. In particular, it should be noted that the torsional wave in the side beam generates a bending wave at the discontinuity. 
